Validation studies were undertaken at Adelaide metropolitan wastewater treatment plants to establish the actual log 10 reduction values (LRVs) of pathogens (viruses and Cryptosporidium) across activated sludge plants (ASPs) as an alternative to accepting the default values attributed by the Department of Health and Ageing (DHA). Grab samples were collected across a 6-week period and assessed for pathogens (adenovirus and Cryptosporidium) and indicator microorganisms (sulphite-reducing clostridia and F-RNA bacteriophage). Through applying the validation process, the DHA has revised the default value for reduction of viruses with an increase from 0.5 log 10 to 1 log 10 while the value for protozoa remains at 0.5 log 10 based on the combined data for a well-operated and maintained ASP. This provides the basis for considering further work at individual plants which may allow higher log credits to be obtained on a plant by plant basis.
INTRODUCTION
The Australian Guidelines for Recycled Water () provide an indicative log 10 reduction value (LRV) of 0.5-2.0 log 10 virus and 0.5-1.0 log 10 for Cryptosporidium.
The default value of 0.5 log 10 has been applied to various wastewater treatment plants (WWTPs) in South Australia, namely Bolivar (conventional system), Glenelg (integrated fixed film activated sludge (IFAS) and conventional system) and Christies Beach (IFAS). Typically 0.5 log 10 reduction is also applied to WWTPs around Australia. The guidelines allow for higher reductions to be credited but this requires the validation of each individual activated sludge plant (ASP) for reduction of viruses and protozoa.
Monday to Thursday to minimise any influence of changes in waste quality.
Analyses were performed at the Australian Water Quality Centre. Cryptosporidium/Giardia analysis was based on USEPA Method 1623 (). Both presumptive and con- Adenovirus was recovered using polyethylene glycol precipitation based on the method of Lewis & Metcalf () . DNA was extracted from virus concentrates using the Epicentre masterpure RNA purification kit following the manufacturer's instructions (omitting the DNase step).
Polymerase chain reaction (PCR) amplification used primers and conditions defined by Heim et al. () and incorporated the Taqman probe. Infectious adenoviruses were detected using a cell-culture-based method using LLC-MK2 cells, and adenovirus genomes were detected by a real-time PCR assay (as described by Heim et al. () ).
F-RNA bacteriophage was isolated using the host strain
Escherichia coli ATCC 700891 based on the double agar layer technique described by Adams () . As defined in the sampling plan and approved by the DHA, six paired pathogen samples and 20 paired indicator samples were collected for analysis from each plant.
The microbiological results were analysed to determine the 5th and 10th percentiles for LRVs across the individual ASPs and for the combined data from all ASPs.
Additional information was collected from the WWTPs including treated effluent quality, such as sludge age, biological oxygen demand and suspended solids. This was collected weekly by United Water (plant operator).
DISCUSSION AND RESULTS
The microbiological results were summarised for each treatment plant as LRVs for the pathogen and matched indicator (Cryptosporidium, Giardia and SRCs, adenovirus genomes and F-RNA bacteriophage) along with the chemical data.
Protozoa
Protozoa and SRC reductions are summarised in Table 1. Bolivar WWTP protozoan testing demonstrated 1.8-2.4 LRV of Cryptosporidium (presumptive, mean 1.89 log 10 ) and
Giardia (presumptive, mean 1.98 log 10 ) of the total number of oo(cysts). Lower removal of the indicator SRCs was observed, with 0.4-1.7 LRV (mean ¼ 0.90 log 10 ). When reanalysed using confirmed results (internal contents observed), similar results were observed. Data were analysed using linear regression and demonstrated poor correlation between the pathogen (Cryptosporidium) and the indicator 
Virus reduction
Adenovirus was assessed initially by culture (data not shown) and subsequently by PCR to detect adenovirus genomes due to inhibition of culture in Bolivar and a number of Table 4 show individual and combined plant 5th and 10th percentiles. The trend demonstrated that F-RNA phage were consistently removed at a higher rate across the ASPs than adenovirus genomes.
Secondary effluent data
The chemical data are presented in Table 5 and demonstrate day to day variability at the plants when samples were taken.
There was no consistent trend for the reduction of viruses or protozoa when compared to the chemical data. No improvement in pathogen reduction was observed when sludge age was increased. Biological oxygen demand and suspended solids also varied with no consistent trend for pathogen reduction observed.
CONCLUSIONS
The results were reviewed by DHA to determine the log 10 credit attributable to the ASPs. Through applying the validation process, DHA has modified the default value for reduction of viruses with an increase from 0.5 log 10 to 1 log 10 across the ASP, with protozoa remaining at This study collected simultaneous data for pathogens and indicators for the validation of ASPs and has demonstrated the variability in the reduction of both microorganisms. The use of indicators as a representative for pathogen reduction was investigated as a more cost-effective option than pathogen testing for both protozoa and viruses. The results presented in this paper demonstrate the variability for both pathogen and indicator reduction across different ASPs leading to the conclusion that pathogens should be used where possible for assessing plant pathogen reduction performance. When considering pathogen reduction for irrigation purposes, the Australian Guidelines for Water Recycling require 5 log 10 virus, 3.5 log 10 protozoa and 4 log 10 bacteria reduction and 6.5 log 10 virus, 5 log 10 protozoa and 5 log 10 bacteria reduction for use in dual reticulation systems. The
LRVs of both viruses (0.783-1.636 log 10 ) and protozoa (0.447-1.753 log 10 ) across the ASPs demonstrate further treatment is necessary before reuse of the water.
